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There is limited knowledge on how people living in communal areas perceive

land use and land cover (LULC) change and the impacts it has on sustainable

access to essential ecosystem goods and services. This study used seven wet

season Landsat images covering 1989 to 2019 and the Extreme Gradient

Boosting algorithm to map LULC in Tyhume Valley, South Africa. Analyses of

trends in LULC and long-term changes in rainfall over the same period were

based on the Mann Kendall (MK) statistical technique. Perceptions on the causes

and impacts of the observed trends were solicited from 102 respondents and

summarized through frequency analysis. Major trends that emerged from image-

based analysis include the expansion of Vachellia karroo by 25% (t = 0.98; p =

0.004), decrease in pastureland by 18% (t = –0.90, p = 0.007), decrease in

cropland by 9.6% (t =–0.90, p = 0.007), decrease in surface water by 1.1% (-0.90,

p = 0.007), and increase in built-up area by 2.5% (t = 1.00, p = 0.003). Perceived

causes of these trends include the eradication of land access control systems,

poor management of surface water, lack of farmer support programs, and 14

years of negative rainfall anomalies. The impacts of these changes include long-

distance trekking of animals to pastures and watering points, increased livestock

malnutrition and mortality, decline of medicinal and culturally significant trees,

increased purchasing of stock feed, increased unemployment, and consumption

of unhealthy food. The study concludes by highlighting the need to

accommodate local perceptions in the formulation of policies and practices

for sustainable use of ecosystem services.
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1 Introduction

Communal lands provide several ecosystem goods and services

to rural communities. These goods and services include water,

fuelwood, timber for construction purposes, shelter, land for

agriculture, and cultural amenities (Brevik, 2019; Mowat and

Rhodes, 2020; Abd Elbasit et al., 2021). They also support

outdoor recreation, sustenance of biodiversity and vital services

such as carbon sequestration that are valuable for the proper

functioning of society’s life-supporting systems (Lund, 2007). In

sub-Saharan Africa, communal lands occur in savanna rangelands

that are punctuated by open grasslands and sparsely distributed

trees and shrubs, with mixed farming being the primary land use

(Kiage, 2013). Despite the ecosystem goods and services that these

communal lands provide, they are vulnerable to land degradation

(Hoffman and Todd, 2000; Kotzé et al., 2013; Sandhage-Hofmann

et al., 2015). Although the causes and impacts of their vulnerability

and degradation are not entirely understood, key amongst

hypothetical drivers are (1) poor soils (Mokgakane et al., 2021),

(2) unsustainable land use practices (Mbow, 2020), (3)

inappropriate conservation strategies which disregard local

perceptions when designing remedial programs, (3) inadequate

land tenure arrangements (Meadows and Hoffman, 2002), (5)

exploitive demands of increasing human populations (Scogings

et al., 1999), and (6) extreme weather events that include

persistent occurrence of prolonged droughts (Gautier et al., 2016;

Gebremeskel et al., 2019).

Land use and land cover (LULC) change in combination with

climate change compromise the ability of these ecosystems to

sustainably support resource-poor communities, particularly in

the Global South. In this study, we define land use change as a

process in which human activities transform the natural landscape

into alternative states (Paul and Rashid, 2017) and land cover

change as the spatial and temporal variations in the distributions

of different land cover types (Briassoulis, 2019). LULC changes are

often accentuated by rapid population growth and increased

population pressure (Giannecchini et al., 2007; Herrmann et al.,

2020; Bufebo and Elias, 2021). They are also accompanied by

persistent degradation of the environment through soil erosion

(Ighodaro et al., 2013; Wolka et al., 2018), bush encroachment

(Manjoro et al., 2012; Wonga et al., 2021; Munyati et al., 2011),

expansion of alien plants and loss of biodiversity (Jewitt et al., 2015;

O’Connor and van Wilgen, 2020) and overgrazing (Mani et al.,

2021). It is, however, unclear whether some of these factors, for

example bush encroachment and abandonment of arable land, are

really indicators of land degradation (Eldridge et al., 2011; Hering

et al., 2019).

Although this lack of clarity is being highlighted and researched,

there is still limited knowledge and acknowledgement of how the

inhabitants of communal areas perceive LULC change and the

impact it has on sustainable access to essential ecosystem goods and

services. Consequently, it remains unclear of what constitutes land

degradation (von Maltitz et al., 2019), which explains why there is

conspicuous absence of sound frameworks to guide policy

formulation and the implementation of actionable adaptation

strategies. In attempting to bridge this gap, recent studies suggest
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that LULC change be viewed from the perspective of the ecosystem

goods and services that communities accrue from communal lands

(Palmer and Bennett, 2013; Willemen et al., 2018; Sharafatmandrad

and Mashizi, 2021; Kuule et al., 2022). This reasoning is informed

by a scientifically premised realization of the fact that spatial and

temporal variations in the distributions of the critical LULC types

have far-reaching adverse impacts on sustainable access to

ecosystem services and livelihoods of local communities.

This is supported by a recent global review study by Hasan et al.

(2020), which reports negative impacts of LULC change on

ecosystem services. Examples of these come from China where

provisioning ecosystem services like agriculture and water supply

are impaired by urban development, afforestation and temperature

changes (Song and Deng, 2017; Hasan et al., 2020; Wang S. et al.,

2020). In Ethiopia, ecosystem service values provided by grassland,

forest, and shrubland, declined due to the expansion of cropland,

which was associated with human population growth and

increasing demands for food (Belay et al., 2022). In Iran, change

in plant compositions resulted in the decline of forage and

medicinal plants (Sharafatmandrad and Mashizi, 2021). In

Uganda, grasslands were overtaken by cropland and built-up area,

while tree loss was reportedly associated with land privatization,

land clearing, and fuelwood extraction (Kuule et al., 2022). Causes

and impacts of LULC change and availability of ecosystem services

are spatially variable. To our knowledge, this study is one of the first

in South Africa that combines remote sensing and local perceptions

to holistically investigate the extent and causes of LULC change and

the impact this change has on ecosystem services derived from

communally-owned lands.

Previous studies in South Africa mapped LULC change and

investigated drivers of land degradation by combining remote

sensing with the perceptions of traditional leaders, environmental

experts, and agricultural officials (Kgaphola et al., 2023; Musetsho

et al., 2021; Chalmers and Fabricius, 2007). Other studies combined

remote sensing and local perceptions to investigate specific or

isolated LULC change phenomena such as bush encroachment

and abandonment of cropland (Wigley et al., 2009; Blair et al.,

2018). In this study, we focused on the LULC types that are

associated with the essential ecosystem goods and services that

the community derives from the study area. In addition, instead of

relying on experts, leaders, and group perceptions, we used

frequency analysis as a descriptive statistic to highlight the most

common perceptions among the community members.

To understand how communal LULC change is perceived, this

study (1) assessed whether remotely sensed LULC trends

corresponded with those perceived by the local community, (2)

interrogated the causes of the observed changes and (3) ascertained

the rate at which the changes occurred and how they impacted the

environment, access to ecosystem services, and livelihoods of the

local community. The strength of this approach is that the mapped

LULC classes were consultatively identified with the beneficiaries of

the land’s ecosystem services. This approach creates space for the

local level to inform the regional level in a manner that enables

effective implementation of informed management interventions at

multiple spatial scales. The paper concludes by providing

recommendations on what needs to be done to enhance
frontiersin.org
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sustainable utilisation of the natural resources in this area and

elsewhere, and identifies gaps that need to be filled in future

research initiatives.
2 Materials and methods

2.1 Study area

Tyhume Valley is situated between Alice and Hogsback in

Raymond Mhlaba Local Municipality (RMLM), Eastern Cape

Province, South Africa (Figure 1). It is named after the Tyhume

River, which runs down from the forested mountains of Hogsback

to the southeast of Alice. It is home to a rural population residing in

20 villages, which form part of the former Ciskei Homeland of the

apartheid government. RMLM has a population of ~159516 and an

unemployment rate of 39.93%. Most of its people are largely

dependent on government welfare grants and subsistence crop

and livestock production (ECSECC, 2017).

The area has a semi-arid climate that is characterized by high

potential evapotranspiration (PET) in January and severe midsummer

drought (Verdoodt et al., 2003) with rainfall averaging 579.88 mm/

annum. This average was calculated from long term annual records of

one of Agricultural Research Council’s (ARC) weather stations in

Tyhume Valley (Figure 2). Although this climate implies perennial

water shortages, the area is actually one of the country’s 21 major

sources of water (Colvin et al., 2013). Figure 2 shows annual rainfall

distribution and standardized anomalies.

The topography is characterized by gentle-to-moderate sloping

savanna rangelands with elevations ranging between 500m in the

southern parts near Alice, and 800m along the northern and eastern
Frontiers in Conservation Science 03
parts near the foothills of the Amathole Mountain Range. The soils

are alluviums which originated from a variety of sedimentary rocks

including shales, sandstone, and mudstones (Verdoodt et al., 2003).

The vegetation is classified as False Thornveld of the Bhisho

Thornveld, with grasses mainly consisting of Digitaria Eriantha,

Cymbopogon Plurinodis, and Sporobolus and thornveld woody

plants that are dominated by Vachellia karroo (V. karroo), Scutia

Myrtina and Polyacantha species (Mucina and Rutherford, 2006).

The dominant agricultural activities are livestock, poultry, and

vegetable production.
2.2 Data

2.2.1 Imagery
Seven wet season (March-April) satellite images were used for

LULCmapping (Table 1). These included Landsat 5 Thematic Mapper

(L5TM), Landsat 7 Enhanced ThematicMapper (L7ETM) and Landsat

8 Operational Land Imager and Thermal Infrared Sensor (L8OLI/

TIRS) foot-print coverages of the study area. Wet season images were

selected partly because they allowed reliable mapping of cropland,

vegetation, and surface water. The images also had minimal cloud

cover and optimum spatial and spectral resolutions and temporal

coverage for long-term LULC characetrisation.

Additional images included high-resolution aerial photographs

of 1985, 1988, 1995, and 2004 that were provided free of charge by

South Africa’s National Geospatial Information center of the

Department of Agriculture , Land Reform and Rural

Development. These aerial photographs were used in conjunction

with Google Earth images as ancillary sources of ground truth for

image classification.
A B

C

FIGURE 1

Location of Tyhume valley in (A) RMLM, (B) Eastern Cape, (C) South Africa.
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2.2.2 Local people’s’ perceptions of LULC change
Structured interviews were conducted to solicit perceptions of

the local people. The interviews were conducted with 102 long-

standing residents most of whom were above 50 years of age with

reliable memories of changes in LULC. Overall, three to six

respondents were identified in each village depending on the

availability of respondents and village size. The sampling was also

designed to enhance representative inclusion of different

stakeholders that include agricultural extension officers and non-

agriculturalists who viewed themselves as beneficiaries of Tyhume

Valley’s ecosystem goods and services. Table 2 summarizes the

questions that were asked during the interviews.
2.3 Data analysis

2.3.1 Image pre-processing and classification
The satellite images were first atmospherically corrected from

top of atmosphere (TOA) reflectance to bottom of atmosphere

reflectance (BOA) using the semi-automatic plugin in QGIS. This

correction calculates BOA reflectance values from the TOA

reflectance values by using the dark object subtraction (DOS)
Frontiers in Conservation Science 04
technique (Paolini et al., 2006; Prieto-Amparan et al., 2018).

Thereafter, the images were classified in Posit (RStudio) using the

Extreme Gradient Boosting (Xgboost) algorithm. Xgboost was

purposefully selected because it has a history of outperforming

other traditional machine learning algorithms (Nielsen, 2016;

Georganos et al., 2018; Masiza et al., 2020). Classification training

was based on a 70%/30% split of the ground truth data, which were

collected in 2015 and 2019, and with the aid of collateral data from

historical aerial photographs. Collection of training data was based

on judgmental sampling with training points being distributed

across the study area to provide representative coverage of the

LULC classes of interest.

The LULC classes were V. karroo, mixed bush, pastureland,

cropland, bare land, built-up area, and surface water. The Landsat

images of 2000 to 2019 were classified into six LULC classes

excluding cropland which was mapped by digitizing crop fields

from aerial photographs and RGB satellite image composites.

Cropland masks were later combined with the six-class thematic

maps using thematic overlay. For this reason, validation points did

not coincide with the cropland pixels. The 1989 and 1996 images

were each classified into five LULC types excluding cropland and V.

karroo. Cropland masks were later combined with the five-class
TABLE 1 Temporal sequencing and characteristics of the Landsat images that were used.

Sensor Acquisition date Spectral bands Spatial resolution Cloud cover

L5TM 16 March 1989 R, G, B, NIR, SWIR 30m 1.0%

L5TM 20 April 1996 R, G, B, NIR, SWIR 30m 0.0%

L7ETM 07 April 2000 R, G, B, NIR, SWIR 30m 2.0%

L5TM 26 April 2004 R, G, B, NIR, SWIR 30m a 22.0%

L5TM 08 April 2009 R, G, B, NIR, SWIR 30m 0.0%

L8OLI/TIRS 21 March 2014 R, G, B, NIR, SWR 30m 0.1%

L8OLI/TIRS 22 May 2019 R, G, B, NIR, SWIR 30m 0.0%
aStudy area not affected
Source of images: https://earthexplorer.usgs.gov
A

B

FIGURE 2

Annual rainfall distribution and standardized anomalies.
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thematic maps using thematic overlay. was also excluded because it

was scattered in its early phases of expansion and, therefore,

difficult to discriminate from other woody species. This exclusion

was accommodated by subsuming V. karroo under mixed bush.

Classification accuracies ranged between 93.88% and

98.35% (Table 3).

2.3.2 Trend analysis
Trends in LULC and rainfall were statistically determined

through the Mann Kendall (MK) trend analysis method using

Posit (RStudio). The MK test is a widely applied method in

environmental time series analyses (Nikhil Raj and Azeez, 2012;

Asfaw et al., 2018; Mahlalela et al., 2020; Aragaw et al., 2021). It is a

non-parametric technique that was developed to detect trends in

univariate time series datasets (Sen, 1968; Guo et al., 2018). The null

hypothesis of this test is that the series has no trend. The alternative

hypothesis is that the data follows a monotonic trend. Since MK is a

non-parametric test, the analyzed data do not have to be

homoscedastic or conform to any particular distribution (Wang

F. et al., 2020). MK is also not affected by the length of the time

series, missing data, and irregular distribution of the time points of

measurements. However, it is required that the data be free of
Frontiers in Conservation Science 05
seasonal variations and all seasonal effects be removed (Goswami,

2017). The data used in this study were judged to be suitable for MK

analysis as each time slice coincided with the same period of

the year.

2.3.3 Analysis of the respondents’ perceptions of
LULC change

The analysis and summarization of respondents’ perceptions

were based on frequency analysis. Bernstein and Bernstein’s (1999)

define frequency as the number of times an observation occurs as

denotated by formula 1 below:

fi =  
ni
N

� 100 (1)

where fi is a percentage expressing the number of times (n)

response i occurs in population N.
3 Results

The results are presented in Tables 4, 5. Table 4 summarizes (a)

the percentage compositions of the LULC types that were mapped,

(b) trends in these LULC types and (c) rainfall between 1989 and

2019. Table 5 summarizes respondents’ perceptions of LULC

changes, causes, and impacts of these changes.
3.1 Trends in LULC and rainfall

Table 4 shows that the greatest long-term changes (1989-2019)

were for V. karroo and pastureland, which increased and declined

by 24.97% and 18.29%, respectively (p< 0.01). Cropland persistently

declined by 9.56% (p< 0.01). Built-up area increased slightly by

2.51% (p< 0.01), while changes in bare land (-2.2%) and mixed bush

(3.7%) were marginal. Changes in surface water were negative

(-1.2%) and persistent (p< 0.01). Overall, trends in all LULC

types were statistically significant except for bare land and mixed

bush. Rainfall exhibited a marginal and statistically insignificant

decrease (t = -0.09, p = 0.48). Figure 3 shows the multitemporal

LULC maps of Tyhume Valley.

Table 5 presents frequency statistics on the perceived trends,

causes, and impacts of the LULC changes. Note that the responses

about causes and impacts do not add up to 100% because each

respondent was allowed to state more than one cause and impact.

The number of interviewed females and males were 37 (36.30%)

and 65 (63.70%), respectively. All the respondents had lived in their

respective villages for more than 20 years. Of these respondents,

66.67% were exclusively engaged in livestock farming, 18.63%

engage in both livestock and crop production, 7.84% engaged in

exclusively crop production, 5.88% engaged in fuelwood collection,

and 0.98% in nursey. All the respondents indicated that the most

practiced agricultural activity in their respective villages was

livestock production. Most of the respondents (80.39%) reported

that V. karroo hand increased, with 65.69% stating that this increase

was beneficial for goat farmers and fuelwood users. However,

34.31% of the respondents perceived this increase to be a
TABLE 3 Classification accuracies of the map outputs that were
produced.

Year Overall accuracy (%) Kappa (K)

1989 98.35 97.61

1996 95.21 93.62

2000 94.37 92.38

2004 95.91 94.44

2009 93.88 92.04

2014 97.46 96.52

2019 97.73 97.09
TABLE 2 Summary of the questions that were asked during interviews.

General information about the village and the
respondent

Name of the village and its GPS location

Number of years the respondent has lived in the village

Ecosystem services that the respondent get from the communal land

Ecosystem goods and services that most people in the community get from the
communal land

Questions on LULC types

Does the village have enough of this LULC type?

How does the community benefit from this LULC type?

Has this LULC type increased or decreased in the last 30 years?

What are the causes of the increase/decrease in these LULC types?

How does the observed increase/decrease affect the community?
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challenge because V. karroo had encroached on pastureland and

fallow cropland. A little less than half of the respondents (43.14%)

perceived mixed bush to have declined, with 34.31% concerned that

they had to travel to neighboring villages to get some of the bush

trees. Most of the respondents (80.39%) indicated that pastureland

had decreased, with 41% stating that sheep and cattle had to trek

long distances for healthy pastures. All the respondents reported a
Frontiers in Conservation Science 06
decrease in cropland, which resulted in increased poverty,

unemployment, and consumption of unhealthy foods. More than

half of the respondents (68.23%) perceived bareness to have

increased, with some concerned that it was causing rill and gully

erosion, especially in abandoned croplands. Most of the

respondents (96.10%) perceived surface water to have declined,

with 80.39% indicating that the drying up of water bodies had
TABLE 4 Percentage compositions and LULC types that were mapped and their trends together with rainfall: 1989 – 2019.

LULC type Percentage compositions out of 16834 ha Change (%) Trend

1989 1996 2000 2004 2009 2014 2019 1989-2019 t p

V. karroo 0.0 0.0 8.4 13.4 22.7 24.3 25.0 25.0 0.98 *0.004

Mixed bush 17.6 15.1 17.0 15.4 16.7 21.4 21.2 3.7 0.33 0.368

Pastureland 57.7 63.6 56.9 54.0 44.3 39.5 39.4 –18.3 –0.90 *0.007

Cropland 9.9 6.8 2.7 2.6 0.7 0.8 0.3 –9.6 –0.90 *0.007

Bare land 8.1 6.3 7.6 7.3 8.0 6.0 5.9 –2.2 –0.52 0.133

Built-up area 3.6 5.0 5.2 5.3 5.4 6.0 6.1 2.5 1.00 *0.003

Surface water 3.1 3.2 2.1 2.1 2.1 2.1 2.0 –1.1 –0.90 *0.007

Total 100 100 100 100 100 100 100 – – –

**Rainfall: – – – – – – – – –0.09 0.48
frontie
*Significant ** Annual totals for each of the 30 years between 1989 and 2019.
TABLE 5 Perceived trends, causes, and impacts of the LULC changes.

LULC type Percentage of respondents by perceived direc-
tion of change

Total Perceived causes, impacts and views on
resource adequacy

a. b. c. d. 100 Causes Impacts

V. karroo 80.39 5 10 4.61 100 e, f. p, q, r.

Mixed bush 38.24 43.14 18.62 – 100 e, g, h. p, q, r.

Pastureland 3.92 80.39 15.69 – 100 i, j. s, t, y

Cropland – 100 – – 100 k. u.

Bare land 68.23 24.51 6.86 – 100 l, m v.

Built-up area 100 – – – 100 n. w.

Surface water – 99.02 – 0.08 100 o. x.
Key to direction of change: (a) = increase, (b) = decrease, (c) = no change, (d) = unsure.
Key to perceived causes and impacts:
e. Increase caused by decrease in fuelwood harvesting (78.43%); abandonment of cropland (45.10%), seed dispersal (24.51%).
f. Decrease caused by commercialization of fuelwood and construction materials (10%).
g. Increase ascribed to natural seed dispersal (38.24%).
h. Decrease caused by overuse (36.30%), clearing (9.80%).
i. Decrease caused by poor pasture management (38.43%), drought (32.35%), bush encroachment (30.39%), and clearing of land for settlement (8.82%).
j. Increase caused by rapid recovery in years of good rainfall (3.92%).
k. Decrease caused by lack of fencing (35.29%), lack of equipment, capital, and farmer support programs (52.94%) and increased frequency of rainfall failures (25.49%).
l. Increase caused by water erosion and abandonment of cropland (68.23%).
m. Decrease caused by bush encroachment (24.51%).
n. Increase caused by population (78.43%) and in-migration (51.96%).
o. Decrease caused by poor maintenance (75.49%), drought (57.84%), and overuse (1.96%).
p. Increase beneficial as browse and fuelwood (65.69%).
q. Increase detrimental by invading pastureland and cropland (38.24%).
r. Decrease detrimental by reducing plant biodiversity and abundance of cultural & medicinal plants (57.84%).
s. Increase beneficial for livestock (100%).
t. Decrease detrimental by causing animal malnutrition (26.47%), increased purchasing of fodder (19.61%); and long-distance movement in search of grazing (41.18%).
u. Decrease detrimental by causing poverty (72.55%), unemployment (34.31%), and increased purchasing of unhealthy food (41.12%).
v. Increase detrimental by causing increased erosion (68.23%).
w. Increase detrimental by inducing loss of agricultural land and pastureland (33.53%), stress on water resources (27%)
x. Decrease detrimental by inducing livestock mortalities (80.39%) and the abandonment of crop farming (14.71%).
rsin.org

https://doi.org/10.3389/fcosc.2023.1205750
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org


Masiza et al. 10.3389/fcosc.2023.1205750
increased livestock mortality. Some of the respondents (14.71%)

attributed the abandonment of crop farming to the decrease in

surface water. All the respondents reported that built-up area had

increased, with 33.53% noting that new building structures had

taken up agricultural land.
4 Discussions

The objective of this study was to investigate the extent,

perceived causes and impacts of LULC change in the communal

lands of Tyhume Valley. For vegetation, the changes that emerged

include a significant expansion of V. karroo (t = 0.98; p = 0.004) by

25%, a marginal increase in mixed bush by 3.7% and a significant

decrease in pastureland (t = –0.90, p = 0.007) by 18.3% (Table 4).

The expansion of V. karroo in South Africa was first noticed in

Eastern Cape’s Keiskammahoek area in the 1890s (Story, 1952) and

the Bloemfontein and Brandfort areas in the 1950s (Louw, 1951;

Mostert, 1958; Trollope, 1983). Since then, V. karroo’s invasion of

pastureland has become one of the major problems confronting

sheep and cattle farmers in South Africa’s communal areas (Du

Toit, 1967; Beyene et al., 2014; Tokozwayo et al., 2018). This has

prompted environmentalists to declare V. karroo a noxious weed

(Barnes et al., 1996) that reduces plant biodiversity (Bond and

Midgley, 2012). Its expansion in Tyhume valley is consistent with

recent trends in private farms, communal areas, game reserves,

national parks, and grassland biomes in different areas of South
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Africa (Munyati et al., 2011; O’Connor et al., 2014; Skowno et al.,

2017). This non-selective increase suggests that, in addition to land-

use, there are other factors driving its encroachment.

One of the enablers and drivers of V. karroo encroachment that

was pointed out by the respondents is the abandonment of cropland

and the eradication of fenced grazing camps. This observation is

supported by Wonga et al. (2021) who observed an increase in V.

karroo by 14.18% and 22.85% in the abandoned croplands and

grazing lands of Tyhume Valley and Sheshegu (35 km southwest of

Tyhume Valley) between 1984 and 2014. Abandonment of cropland

provides hospitable habitats for this encroacher. Since many

communal grazing areas and abandoned croplands in the Eastern

Cape are not fenced and properly demarcated (Bennett et al., 2010;

Palmer and Bennett, 2013), it is reasonable to suggest that the free

movement of animals allows V. karroo seeds to be easily dispersed

to open areas. For this reason, O’Connor et al. (2010) recommended

restricted movements of livestock to contain the spread of this

specie in communal areas. Respondents who lamented the

eradication of fenced camps supported this recommendation.

The respondents perceived that fenced camps are beneficial

because they allow rotational grazing and thus resting of some of the

land for grass to regrow. This inhibits overgrazing and the

displacement of grasses by woody plant species, and aids in

controlling the dispersal of woody plant seeds by animals. Similar

sentiments were expressed by the residents of Roxeni village,

~25km southwest of Tyhume Valley, who regretted the loss of

fenced camps (Bennett et al., 2010). Another perceived enabler of V.
FIGURE 3

LULC maps of Tyhume valley (1989-2019).
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karroo encroachment was the decline in fuelwood harvesting due to

the advent of electricity. The respondents stated that, although V.

karroo is the most preferred fuelwood, its household use has

declined in the 21st century. It is now used for fuel when there

are community events such as cultural, religious, and burial

ceremonies, which require large quantities of energy for cooking.

A similar case was reported in KwaZulu-Natal where bush

encroachment was associated with a decline in fuelwood

harvesting (Luvuno et al., 2022).

Although factors such as CO2 fertilization and V. karroo’s

drought tolerance are also known to contribute to the expansion

of V. karroo and bush encroachment in general, the responses

provided by the Tyhume locals in this study indicate that land

management is the major enabling factor. Previous studies

conducted in Tyhume and other parts of the Eastern Cape

province report that communal lands do not have proper

management measures in place to limit the spread and expansion

of woody encroachers like V. karroo (Bennett et al., 2010; Puttick

et al., 2014; Tokozwayo et al., 2018). Elevated atmospheric CO2

concentration drives V. karroo’s expansion when there are no bush

encroachment limiting factors (Nackley et al., 2018; Raubenheimer

and Ripley, 2022). Local factors may have more influence on V.

karroo encroachment than global drivers do (Collins et al., 2018;

Venter et al., 2018; Raubenheimer and Ripley, 2022). The major

insight from this is that bush encroachment is a spatially variable

phenomenon that requires management initiatives that

acknowledge unique environmental and socioeconomic

conditions of different areas. In Tyhume Valley, evidence points

to accelerating bush encroachment at rates that require immediate

implementation of locally relevant interventions to control it even

though scientifically inspired reasonings argue that it delivers long-

term benefits by enhancing the sequestration of atmospheric CO2.

Respondents who viewed V. karroo’s encroachment as

problematic stated that it leads to the loss of productive cropland,

pastureland, biodiversity, and increased scarcity and disappearance

of plants that are used for medicinal and cultural purposes. Those

who viewed it as beneficial cited its excellent fuel properties and its

palatability to browsers. These conflicting perceptions need to be

reconciled by adopting management strategies that strike a balance

between the adverse and beneficial outcomes of V. karroo’s

aggressive expansion. For example, restoration of fenced camps

and herding could limit its expansion via animal agency and

improve land management. In addition, increasing the stocking

rates of browsers could also contain V. karroo encroachment. This

recommendation is supported by a study conducted in the Eastern

Cape, which reports that continuous browsing by goats induced

higher tree mortalities compared to rotational browsing, and this

inhibited the expansion of V. karroo (Du Toit, 1972). Increasing

stocking rates of goats in V. karroo encroached areas in tandem with

the land’s carrying capacity could benefit farmers by (1) allowing

them to spread risks by reducing reliance on grazers that are

vulnerable to drought-driven forage shortages (2), enhancing food

security through self-production of nutritional food, and (3)

providing sustainable sources of income. For example, the

Department of Agriculture, Land Reform and Rural Development

(DALRRD, 2020) reports that, between 2010 and 2019, the demand
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increased by 193%. Controlling V. karroo’s encroachment by

increasing goat populations could boost goat farming because of

V. karroo’s established nutritional value (Ngambu et al., 2013;

Idamokoro et al., 2016).

Although the increase in mixed bush was marginal, the

respondents were concerned that this increase was characterized

by the expansion of a few competitive species at the expense of their

less competitive counterparts. This concern was expressed by

43.14% of the respondents whose perception was that certain

species have declined, leading to loss of biodiversity and decrease

in the abundance of medicinal and culturally significant plants

(Table 5). This perceived decrease of certain species was not

detected through image classification because mixed bush could

not be mapped at the individual specie level. Mixed bush was a

mixture of different coexisting plants that include Scutia myrtina,

Buddleja saligna,Olea capensis,Maytenus capitata, Aloe, Afrocarpus

falcatus, Podocarpus latifolius, Diospyros lycioides, Ziziphus

mucronata, Rhamnus prinoides, Ptaeroxylon obliquum, and

Combretum species.

Some of these plants are browsed by goats and used for

medicinal purposes and cultural rituals. They are also used as

grave markers, fencing poles, and kraal construction material.

However, due to their decline and displacement by V. karroo,

some of them are on the verge of extinction in most parts of

Tyhume Valley. Interestingly however, we observed that, unlike in

the areas dominated by V. karroo, mixed bush habitats were still

fenced or partially fenced even though most of the respondents

reported that fencing had been abandoned. They explained that the

fenced mixed bush habitats were former private farms and lands

that were fenced by the government. In the past, unauthorized

access to these areas was prohibited, and community members

needed permission from authorities to cut down trees. However,

these areas are now openly accessible and trees are cut without

restrictions. This explains why some community members were

concerned about the eradication of land access permits and the

removal of fences.

The expansion of mixed bush and V. karroo coincided with a

long-term decrease in pastureland. Perceived causes of this decrease

were (1) bush encroachment, (2) poor pasture management

(overgrazing, the abandonment of rotational grazing, and the

eradication of grazing camps), (3) reoccurring droughts, and (4)

the increase in built-up area and in-migration. Poor management of

communal pastureland in Tyhume Valley is consistent with

findings from other parts of the Eastern Cape province (Bennett

and Barrett, 2007; Moyo et al., 2008; Bennett et al., 2010;

Tokozwayo et al., 2018; Kakembo and Ndou, 2019; Tokozwayo

et al., 2021). Most of the respondents indicated that, in addition to

bush encroachment, built-up area has taken up substantial

proportions of pastureland. The perceived causes of built-up

area’s expansion were birth rate-driven population growth and

in-migration. The latter is supported by observations in Buffalo

City Metro Municipality (~60km south of Tyhume Valley), where

residents have been constantly battling invasions of their

pasturelands by migrants from surrounding areas (Fuzile, 2016;

Maliti, 2019; Jacob, 2021). In many parts of South Africa’s former
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homelands, land is allocated by traditional leaders who do not

follow planning and land use management guidelines (Bennett

et al., 2013). As a result, communal pastures end up being used

and hijacked for purposes that do not accommodate the interests of

local communities (Fuzile, 2015). The situation is slightly different

in East Africa, where grasslands are overtaken by cropland due to

increasing food demand and population increase (Belay et al., 2022;

Kuule et al., 2022). In South Africa, the decline in communal

grazing land in areas like Tyhume Valley can also be explained by

the forced displacements of the majority populations by colonialism

and apartheid (Cochet, 2020). These displacements resulted in the

creation of the pseudo-homelands (or former homelands), which

amounted to only 13% of South Africa’s total land area and were

allocated to the black majority populations (Watson, 2001; Von

Fintel and Pienaar, 2016).

The decrease in pastureland is perceived to be detrimental

because it contributes to animal malnutrition, increased

purchasing of fodder by those who can afford, and forced long-

distance movement of livestock to greener pastures. Most of the

farmers reported that livestock mortalities increased in years of

drought, due to reduced forage availability and the farmers’ limited

capacities to purchase supplementary stock feeds. Although

historical and current official livestock statistics were not

available, the respondents reported that the stocking rates of

sheep and cattle have been declining. This could be turned into

an opportunity by encouraging farmers to adopt a mixed livestock

production strategy by shifting emphasis from sheep and cattle to

goats. To achieve the sustainable production of more goats, the

DALRRD could collect and keep records of livestock numbers so

that stocking rates can be regularly adjusted in tandem with changes

in climatic conditions and the environment’s carrying capacity.

Information about livestock numbers is crucial in guiding the

formulation of informed management strategies. This strategy

could be conjunctively used with the restoration of fenced camps

and planned implementation of land allocations to enhance the

sustainable utilization of pasturelands.

The long-term decrease in surface water was in the same

direction with the long-term changes in rainfall. Although the

decrease in rainfall was not statistically significant, it was

punctuated by a series of years with below average rainfall

(Figure 2). This suggests that climate change-driven decrease in

rainfall may have contributed to the decrease in surface water

distribution. However, the relationship between the long-term

rainfall trends and surface water distribution requires further

investigation. Perceived causes of the decrease in surface water

included poor maintenance, drought, and overuse. Almost every

village had a communal dam that had dried-up completely. The

communities, with the help of government, used to desilt

communal dams on a regular basis until around the year 2000. In

addition, the communities abandoned traditional water harvesting

practices, which included the maintenance of surface water

channels and homestead ponds (Denison and Wotshela, 2009;

Monde et al., 2012).

The abandonment of water harvesting practices in Tyhume

Valley and other parts of South Africa has been previously reported

(Denison and Wotshela, 2009; Monde et al., 2012; Mtyelwa et al.,
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water supplies by the government (Denison and Wotshela, 2009).

Although this supportive intervention has been helpful, its

effectiveness continues to be undermined by persistent cuts of

piped water supply (Macupe, 2019; Phaliso, 2021; Velaphi, 2022).

The drying up of small dams is one of the factors that was raised as

being one of the causes of cropland abandonment and increased

mortalities and long-distance trekking of livestock to watering

points (Table 5). Tyhume Valley and other areas under similar

circumstances can learn from the O.R Tambo District Municipality

of the Eastern Cape, where dredging and augmentation of

community dams by the Department of Rural Development and

Agrarian Reform resulted in reduced livestock mortality (DRDAR,

2021; Masiwa, 2021).

Although the decrease in surface water was perceived to have

also contributed to the decline in crop farming, other factors

contributing to the drastic decline in cropland included the lack

of fencing, equipment, capital, and farmer support programs. In

other parts of the world, for example in China, cultivated land has

decreased due to urban area expansion (Hasan et al., 2020), while in

East Africa, cropland has increased with increasing food demand at

the expense of grassland, shrubland and forest (Belay et al., 2022;

Kuule et al., 2022). The abandonment of crop farming in Tyhume

Valley was widely perceived to be one of the major causes of poverty

by 72.55% of the respondents and cited by 34.31% and 41.12% of

the respondents as one of the major causes of high unemployment

and increased purchasing and consumption of unhealthy food,

respectively. Tyhume Valley and other areas under similar

circumstances can learn from neighbouring areas such as the O.R

Tambo District Municipality, where communal farmers enjoy

government support in the form of inputs and advisory services

(Iortyom et al., 2018; Mahlombe, 2018; Masiza et al., 2021; Wonga

et al., 2021). The observed trends, perceived causes and impacts of

LULC change, paint a grim picture of the environmental situation

in Tyhume Valley. The environmental shift in the form of loss of

plant biodiversity, bush encroachment by V. karroo, decline in

surface water, and the abandonment of crop farming, all

exacerbated by the frequent occurrences of droughts, calls for the

scientific community and policy formulators to provide innovative

and actionable interventions that can enhance the sustainable use of

this environment and others under similar circumstances for the

benefit of present and future generations.
5 Conclusions

Overall, the observed LULC changes had adverse impacts on

access to ecosystem goods and services and the livelihoods of

Tyhume Valley’s communities. The findings of this study point to

persistent expansion of V. karroo at the expense of pastures,

cropland, and other woody species. The main enablers of this

phenomenon are perceived to be V. karroo’s competitive

advantages over other woody species, abandonment of arable land

and the lack of consensus on whether the expansion of V. karroo is

beneficial or detrimental. The historical background of Tyhume

Valley, as narrated by the respondents, suggests that the communal
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lands were healthier and more resourceful when management

regulations in the form of fenced camps and land access permits

were enforced and observed.

V. karroo can be contained through the restoration of the above

listed management measures, with emphasis being placed on (1)

continuous browsing of V. karroo and (2) increased stocking rates

of goats without exceeding the environment’s carrying capacity.

Livestock farmers stand to benefit from the recommended use of

continuous browsing and increased stocking rates of goats because

of the recent increased demand for goat products. This study

recommends continuous recording and record-keeping of

livestock numbers at the village level. The office of extension

services under the DALRRD is in regular engagements with

pastoralists, in which extension officers pay farmers periodical

visits to monitor the well-being of livestock. These engagements

can be used as opportunities to collect, record, and monitor village-

level livestock statistics, which are very useful in research,

monitoring and evaluation, and land management. Although

fencing and land access permits are unpopular, management

interventions of this nature can be receptively implemented

through village committees, tribal authorities, extension officers

and abidance with formal spatial planning and land use

management guidelines.

Restoration of surface water, which is essential for livestock and

crop production, will necessitate the reinstatement of old and new

water harvesting practices, coupled with regular desilting and

maintenance of surface water bodies. An example of a successful

dam restoration scenario was provided in the discussions section of

this paper. Regarding crop production, Tyhume Valley and other

areas under similar circumstances can learn from neighboring

districts such as the O.R Tambo District Municipality, where crop

producers enjoy government support in the form of inputs and

advisory service. This study shows that, in addition to LULC

mapping, local perceptions also provide valuable insights about

the extent, causes, and impacts of LULC change. The influence on

LULC change of the observed rainfall anomalies and other climatic

parameters requires further investigation. The recommendations

provided in this study should be implemented with care so that

management interventions that are premised on short-term benefits

while entailing long-term adverse effects are avoided.
6 Limitations of the study

Although the respondents pointed out that many of the tree

species found in the area were ecologically and culturally significant,

it was not possible to map vegetation by species type due to the

coarse resolution of the Landsat images we used. For the same

reason, we could not map rills and gullies although they were

reported to have expanded. Future studies can address this

shortcoming by adopting more robust methods for tree species

differentiation and soil erosion mapping. The other limitation is

that the respondents were selected based on availability and land-

use practices and were not comprehensively informed of the

different types of ecosystem services that are essential for life on
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earth. Where possible, future research studies could consider

increasing the ecological awareness of the informants to enhance

complementarity between indigenous knowledge and science. The

last limitation is that we were unable to get information on livestock

numbers which could have improved our analysis of the changes in

pastureland and bush encroachment.
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